Diffusion carbide layers produced on steel surface in vacuum titanizing process have been investigated. Studies of layers thickness, their morphology, titanium, carbon, chromium and iron concentration depth profiles in the diffusion zone of titanized layers have been carried out. The effect of process parameters such as time and temperature on the kinetics of layer growth on steel surface has been investigated. Wear resistance of titanized layers has been determined.
INTRODUCTION
Diffusion titanizing is one of many types of thermochemical treatment used mainly to improve the hardness and wear resistance of steel surfaces. The vacuum titanizing consists in holding steel at the temperature over 1000 o C in titanium vapour under low pressure conditions [1] . The sublimating titanium atoms, after the transition through the reaction space, condense on the steel surface and then diffuse in it to create a layer. In this paper, a novel vacuum titanizing process has been proposed (authors' patent [2, 3] ). A porous material containing titanium was employed as the source of titanium vapor. In contrast to other titanizing methods (powder, gas, etc.), neither toxic reagents i.e. chlorides nor a hydrogen containing atmosphere have been used.
Carbon content plays an important role in the diffusion titanizing of steels, since its diffusion to the surface (up hill diffusion) during the process leads to its combination with titanium to form carbides. At high carbon content in steels, the obtained diffusion layers are composed of titanium carbide TiC. Such layers are hard and wear resistant.
The objective of this paper was to determine the microstructure, growth kinetics and tribological properties of carbide layers produced on tool steel surface during vacuum titanizing process.
EXPERIMENTAL
The titanizing processes were carried out in a cold-wall vacuum oven at the temperature range of 1025÷1125 o C at the pressure ranged from 10 Pa down to 10 -3 Pa. Experiments were carried out on polished samples made of tool steel (the NC10 steel according to the Polish Standard) containing 1.8 % C and 12.0 % Cr.
The titanizing layers were investigated by X-ray structural analysis using Philips diffractometer and by spectral line analysis with SU-30 CAMECA X-ray microanalyser with WDS.
Metallographic examinations and thickness measurements of titanized layers were carried out 
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with an optical microscope. Layer microstructure was revealed by nital etching.
Tribological properties of the TiC carbide layers were evaluated by sliding wear tests with concentrated contact. Wear tests were performed on sets of taper-three rolls testpieces at constant surface pressure in the range 50÷300 MPa.
RESULTS
X-ray surface structure analysis of titanized surfaces on the tool steel revealed a substantial presence of titanium carbide (TiC) and trace Fe 2 Ti intermetallic phase. A metallographic cross-section of carbide layer has shown that the layer was unetched, as opposed to the steel base (Fig. 1.) . Concentration depth profiles of Ti, C, Cr and Fe in the layer diffusion zone were typical of a carbide titanized layer (Fig. 2.) . Concentration of titanium in the carbide layer was about 78 wt. % and of carbon about 19 wt. %. Sliding wear resistance tests were performed at pressures of 50, 100 and 300 MPa and a rotational speed of the tapered counter sample of 576 rev/min. They were conducted under conditions of mixed lubrication, lubricant being applied in drop form at a rate of 30 drops of Lux oil per minute. The wear time was 100 min.
Measurements of wear were made every 10min, simultaneously increasing the load proportionately to the increase in worn surface in order to maintain the nominal surface pressure. Results of wear resistance of the titanized layer subjected to the tribological damage are presented on Figure 4 , which shows a linear wear in function of friction time. 
